Objective: Some patients with hyperandrogenemia had no identifiable cause, which was named as idiopathic hyperandrogenemia (IHA). The role of the adrenal glands in these patients was investigated. Design: Clinical study in patients with IHA at the Endocrinology Department of a University Hospital. Patient(s): In this study, 26 pre-menopausal women with IHA and 20 healthy women were included. Basal hormonal investigations, ACTH test and a 75 g oral glucose tolerance test (OGTT) were performed. Basal levels of total testosterone, free testosterone, androstenedione (A 4 ), sex hormone-binding globulin, DHEA sulfate (DHEAS), cortisol, 17-hydroxyprogesterone (17-OHP), 11-deoxycortisol (11-S) and ACTH-stimulated levels of cortisol, A 4 , DHEAS, 17-OHP, and 11-S were measured. Additionally, glucose and insulin responses to OGTT were obtained. Results: The patients and the control subjects had similar age and body mass index. Peak and area under the curve (AUC) responses of 11-S (P!0.05), DHEAS (P!0.005), and A 4 (peak, P!0.005; AUC, P!0.001) to ACTH test were significantly higher in the patients with IHA than in the control subjects. There was a significant correlation between the basal DHEAS levels, peak 11-S, and AUC 11-S , in response to ACTH-stimulation test in patients with IHA (P!0.005, r, 0.6). Four (16.6%) patients with IHA had glucose intolerance. Conclusion: Our data suggest that adrenal androgen excess may play an important role in patients with IHA and these patients exhibit increased prevalence of glucose intolerance.
Introduction
Hirsutism is a common clinical condition in women during reproductive age and characterized by excessive growth of terminal hair in the androgen-sensitive skin regions. It affects 5-8% of the whole female population of fertile age and may be associated with underlying endocrine and metabolic disturbances or the initial manifestation of an androgen secreting tumor (1) . Some drugs, polycystic ovary syndrome (PCOS), enzyme defects in adrenal steroid biosynthesis, Cushing's syndrome, acromegaly, ovarian tumors, and adrenal tumors may be the underlying causes or it may be idiopathic (1) (2) (3) . PCOS and idiopathic hirsutism account for most of the cases of hirsutism. Azziz et al. (1) reported that 6.7% of the patients with androgen excess in 873 consecutive patients had hirsutism with normal ovulation. We recently investigated 168 women with hirsutism to determine the various causes of hirsutism and their frequencies in a Turkish population and found that 17.4% of the patients had hyperandrogenemia with no identifiable cause, which was named idiopathic hyperandrogenemia (IHA) (3) .
The objective of the present study was to investigate the adrenal gland functions in patients with IHA in order to understand whether there is an adrenal contribution to the high androgen levels in the circulation. We have also evaluated the glucose tolerance status in these patients in order to see whether IHA is also associated with insulin resistance like some other androgen excess disorders.
Patients and methods

Subjects
In this study, 26 women with IHA and 20 healthy Turkish women were included. The study was approved by the local Ethics Committee and informed consent was obtained from all subjects. All patients had hirsutism (modified Ferriman-Gallwey score, O8) (4), regular ovulatory menstrual cycles (intermenstrual interval 21-35 days), and hyperandrogenemia. Hyperandrogenemia was defined as an androgen value above the normal reference range (i.e. total testosterone O80 ng/dl and/or free testosterone O3.9 pg/ml and/or androstenedione (A 4 )O2.99 ng/ml and/or DHEA sulfate (DHEAS) O5070 (ng/ml)). Thyroid dysfunction, hyperprolactinemia, PCOS, Cushing's disease, and adrenal/ ovarian tumors were excluded by appropriate tests and ultrasonography of the ovaries and the adrenal glands. Patients with regular menses and normal ovulation but polycystic ovaries on ultrasound examination were also excluded. Ovulation was confirmed by the measurement of day 22-24 serum progesterone level (O8 nmol/l). The adrenocorticotropin (ACTH) stimulation test (0.25 mg Synacthen, Nü rnberg, Germany) was performed in all subjects to assess adrenocortical responsiveness. An ACTH-stimulated 17-hydroxyprogesterone (17-OHP) level O10 ng/ml was considered the criterion of non-classic adrenal hyperplasia (NCAH) due to 21-hydroxylase deficiency (5) . The diagnosis of 11b-hydroxylase deficiency was made if the 11-deoxycortisol (11-S) response to ACTH stimulation exceeded the 95th percentile of controls (6-8) by threefold. The presence of insulin resistance was investigated by using basal insulin levels, oral glucose tolerance test (OGTT), and homeostasis model assessment (HOMA) score in both groups. The estimate of insulin resistance by HOMA score was calculated with the formula: fasting serum insulin (mU/ml)!fasting plasma glucose (mmol/l)/22.5 (9) . Glucose tolerance was evaluated by using the criteria of the American Diabetes Association, and impaired glucose tolerance (IGT) was defined as a 2-h post-load glucose of 140 mg/dl or greater and less than 200 mg/dl (10) . The glucose and insulin responses to the OGTT were expressed as the area under the curve (AUC) estimated by the trapezoidal rule. Cortisol, 17-OHP, 11-S, A 4 , and DHEAS responses to ACTH were also expressed as AUCs. None of the subjects in the patient or control groups had received any hormonal medication at least for 6 months before the study.
Study protocol
All the patients and the control women completed a standardized history form and underwent a full physical examination. Weight (in kilograms) and height (in meters) were measured to calculate body mass index (BMI). Serum A 4 , DHEAS, cortisol, 17-OHP, and 11-S levels were measured before, 30 and 60 min after ACTH stimulation. All the hormonal analyses were performed in the follicular phase of their cycles. The OGTT was performed after 10-12 h of fasting between 0800 and 1000 h. A 300 g carbohydrate diet was given for 3 days before the OGTT. After a basal blood sample was obtained, a 75 g glucose load was administered orally and blood samples were obtained at 30-min intervals for 2 h for the measurement of glucose and insulin.
Hormonal assays
The serum samples were stored at K20 8C until assayed. Serum A 4 (DSL-3800, Webster, TX, USA), testosterone (Biosource, Nivelles, Belgium), cortisol (DSL-2100), free testosterone (Biosource, Nivelles, Belgium), 11-S (ICN Pharmaceuticals, Costa Mesa, CA, USA), 17-OHP (DSL-5000), and DHEAS (DSL-3500) levels were measured by RIA; serum sex hormone-binding globulin (SHBG) (Zentech, Angleur, Belgium) and insulin (Biosource, Nivelles, Belgium) levels were measured by IRMA; and serum folliclestimulating hormone (FSH), luteinizing hormone (LH), and estradiol levels (ACS:180, Bayer) were determined by an automated chemiluminescence system, using commercial kits. The intra-and interassay coefficients of variation were: 2.8 and 7% for A 4 , 4.4 and 4.8% for testosterone, 11.1 and 11.5% for cortisol, 4.3 and 7.8% for free testosterone, 4.3 and 11.6% for 11-S, 9.5 and 10.8% for 17-OHP, 6.3 and 9.9% for DHEAS, 5.2 and 5.8% for SHBG, 1.6 and 6.1% for insulin, 2.8 and 4.6% for FSH, 5 and 6.2% for LH, 9.9 and 11.8% for E2 respectively.
Statistical analysis
Results are expressed as meansGS.D. in the text and tables. The results of the women with IHA and healthy women were compared by Mann-Whitney U-test and Spearmen (r) coefficient for correlation. P!0.05 was considered statistically significant.
Results
Patients and the control subjects did not differ in mean age and BMI. The modified Ferriman-Gallwey score was significantly higher in the patients with IHA than in the control subjects (P!0.001). None of the patients had any history of premature adrenarche/pubarche. Nine of them were married and did not have any infertility problems. Clinical characteristics of the patients with IHA and control subjects are shown in Table 1 . Basal FSH and LH levels were similar between the patients and control subjects. The patients with IHA had at least one significantly higher serum androgen level than the control group (P!0.05). Basal 17-OHP, 11-S, and SHBG levels were not significantly different in the patients with IHA compared with the controls (Table 1) . ACTH-stimulated peak 17-OHP and cortisol levels were similar between the two groups. Peak and AUC responses of 11-S (P!0.05), DHEAS (P!0.005), and A 4 (peak, P!0.005; AUC, P!0.001) to ACTH tests were significantly higher in the patients with IHA than in the control subjects (Table 2) . There was a significant correlation between the basal DHEAS levels, peak 11-S, and AUC 11-S in response to ACTH-stimulation test in patients with IHA (P!0.005, r, 0.6) ( Fig. 1) .
None of the control subjects showed glucose intolerance after OGTT. Four (16.6%) patients had glucose intolerance (one diabetes mellitus (DM); three IGT). Only the patient with DM had a BMI O30 kg/m 2 and the subjects with glucose intolerance had a BMI !30 kg/m 2 . Fasting glucose, basal insulin, AUC insulin levels, and HOMA scores were similar between patient and control groups, while the AUC glucose value was higher in women with IHA (P!0.01) ( Table 3 ). Analyses after omitting the patients with IGT showed that there was still a significant (P!0.01) difference in terms of AUC glucose value between the patients (13 656G2474) and controls (11 423G1810) .
Only one patient (3.8%) was diagnosed as 21-OH-deficient NCAH after ACTH. The patients with 21-OH deficiency and DM were excluded from statistical analyses.
Discussion
Androgen excess is one of the most common endocrine disorders of reproductive-aged women and affects nearly 7% of the population (1, 3, 11) . Disorders that result in androgen excess include some specific ones such as androgen-secreting tumors and NCAH. On the other hand, a number of androgen excess disorders are diagnosed by exclusion such as PCOS. Although hirsutism is the most common feature of androgen excess, it is well known that not all patients with hirsutism have overt androgen excess as in idiopathic hirsutism (12, 13) . We have previously shown that a number of patients with hirsutism had hyperandrogenemia with normal ovaries and regular cycles. These patients exhibited similar basal FSH, LH, testosterone, androstenedione, and DHEAS levels PCOS to subjects, however, they did not meet the diagnostic criteria for PCOS. We have named these patients as IHA (3). The underlying mechanism(s) in these patients is not clearly known. Therefore, we aimed to investigate their adrenal gland functions. It has been suggested that adrenal stimulation with ACTH has been the principal challenge test for estimating the relative activity of adrenocortical enzymes (8, 14) . None of the patients, except one, met the criteria of NCAH (21-hydroxylase) in response to ACTH test. We have found that ACTH-stimulated androstenedione, 11-S, and DHEAS levels were significantly higher in the patients with IHA than in the control group. Our results also showed that DHEAS levels were correlated with the peak and AUC 11-S values. These data suggest that patients with IHA have an increased adrenal androgen secretion. This is in accordance with our previous report (15) demonstrating the presence of an alternate pathway in the adrenal gland in women with PCOS, resulting in an increase in adrenal androgens. Similar mechanism may operate in the patients with IHA.
A similar kind of patient has been evaluated recently by Azziz et al. (1) . They suggested that 7% of the patients had hyperandrogenemia but with normal ovulation and represent a diagnostic conundrum. The authors suggested that these women were less likely to be infertile, reflecting their normal ovulatory status and have higher DHEAS levels than PCOS patients. They think that these patients more closely resemble idiopathic hirsutism than PCOS patients and suggest that they represent predominantly adrenal androgen excess. Our data further support the suggestion of Azziz et al. in terms of adrenal hyperactivity in these patients. Recently, Carmina et al. (16) also used this new entity, IHA. They have re-evaluated the diagnosis of PCOS in 290 hyperandrogenic women and divided them into three groups, such as classic PCOS (patients with hyperandrogenism and chronic anovulation), ovulatory PCOS (patients with hyperandrogenism and polycystic ovaries but with normal ovulatory cycles), and patients with idiopathic hyperandrogenism (patients with hyperandrogenism but with ovulatory cycles and normal ovaries). They suggest that by using the new European Society for Human Reproduction and Embryology/American Society for Reproductive Medicine criteria (17) for the diagnosis of PCOS, 88% of the hyperandrogenic women of that study were considered to have PCOS and 12% had IHA (16) . The authors suggest that three phenotypes of PCOS exist including IHA according to the ESHRE/ASRM criteria. In contrast, we think that IHA is not a subtype of PCOS, since patients with IHA do not fit the two out of three criteria (anovulation, hyperandrogenemia, or hyperandrogenism, polycystic ovarian changes) for the diagnosis of PCOS. Our data suggest that it is a kind of functional adrenal hyperactivity, for which the cause is unknown.
The association of carbohydrate metabolism abnormalities with androgen excess disorders, particularly PCOS, is a well-defined entity. We have also shown an increased prevalence of glucose intolerance in women with idiopathic hirsutism, who actually have normal serum androgen levels (12) . From another point of view it has been shown that hyperinsulinemia during OGTT might activate the androgen pathway of the adrenal cortex (18) . In the present study, we have also investigated the prevalence of glucose intolerance and the presence or absence of insulin resistance in patients with IHA. We found that 16.6% of the patients had glucose intolerance and a higher AUC glucose value. Analyses after omitting the patients with IGT showed that there was still a significant difference in terms of AUC glucose value between the patients and controls. Although, AUC insulin value, fasting glucose, basal insulin, and HOMA scores were similar between patients and control groups, increased glucose response to OGTT suggest that there is a tendency towards insulin resistance in patients with IHA. Hyperandrogenemia per se may have a role in the higher prevalence of glucose intolerance in these patients. Similarly, Carmina et al. (16) reported that 26% of the patients with IHA had insulin resistance, thereby suggesting the existence of mild metabolic and hormonal abnormalities.
In conclusion, our data suggest that adrenal androgen excess may play a role in patients with IHA. Although we did not investigate the ovarian functions in detail, the adrenal glands may be the major sources of androgens in patients with IHA. These patients exhibit increased prevalence of glucose intolerance. Further studies including the assessment of ovarian function are needed to clarify the pathophysiology of IHA.
